Immunofluorescence and autoradiography showed that all heterokaryotic cells formed after cell fusion of virogenic mammalian cells and indicator chicken cells induced by Sendai virus produced Rous sarcoma virus coat antigen. Homokaryons and mononuclear cells of both types were negative in the immunofluorescence test. Similarly, all tested single heterokaryons obtained by visually controlled cell fusion produced infectious Rous sarcoma virus.
INTRODUCTION
The addition of inactivated Sendal virus to the mixtures of chicken cells and mammalian cells transformed by Rous sarcoma virus (RSV) significantly increases RSV rescue (Svoboda, Machala & Hlo~finek, 1967; Vigier, I967; Yamaguchi, Takeuchi & Yamamoto, 1967) . The first step necessary for obtaining RSV rescue is cell agglutination by Sendal virus (Svoboda & Machala, 1968 ) . The degree of virus rescue is positively correlated with the frequency of heterokaryon formation between virogenic and chicken cells (Svoboda & Dourmashkin, I969) . Similarly, experimental conditions favouring cell fusion by Sendai virus are optimal for obtaining RSV rescue (Yamaguchi, Takeuchi & Yamamoto, I969) .
In the present investigations, we attempted to analyse whether heterokaryons are permissive cells for RSV, and whether they are the primary source of the rescued virus. In addition, the effect of the fusion of virogenic mammalian cells with chicken erythrocytes, which are not permissive for RSV, was studied.
METHODS
Cells and culture media. A line of Chinese hamster cells (RSCh) transformed with the SCHMIDT-RUPVlN strain of Rous sarcoma virus (sR-RSV) (Hlo~inek, Donner & Svoboda, 1966) and chicken cells were used. Chicken fibroblasts (BLEF) were obtained bytrypsinization of 9-to I I-day Brown Leghorn embryos from a RIF-free flock, and were used 2 or 3 days after seeding them into Roux flasks. i6-2 Chicken erythrocytes were obtained by repeated centrifugation of heparinized chicken blood cells suspended in saline. After each centrifugation, the supernatant fluid and the upper layer of cells, containing white blood cells, were always removed. Finally, the suspension of erythrocytes was filtered through several layers of pressed glass wool.
Cultures were made in Eagle's medium with Io % tryptose phosphate broth (Difco) and IO ~o calf serum.
Preparations for karyological studies were washed with phosphate buffer saline (PBS).
Sendai virus. Sendai virus inactivated with fl-propiolactone (H. G. Pereira, personal communication) was usually used to obtain cell fusions. Sendai virus was cultured for z to 3 days in the allantoic cavity of 9-to r I-day chicken embryos. The allantoic fluid harvest was freed from urates by centrifugation for 30 rain. at 2ooo g. Eighteen parts of centrifuged allantoic fluid were supplemented with one part of o'5M-Na~HPO4 and one part of 2% fl-propiolactone, all at 4 °. The mixture was thoroughly stirred and allowed to stand at 4 ° for 24 hr and then centrifuged for 30 rain. at 3o,ooo g. The sediment was suspended in modified Hanks's solution (without glucose), adjusted with o-I M-tris to pH 7"6 and stored at -7 o°. Blind passages on chicken embryos of Sendai virus treated with fl-propiolactone showed that the virus thus treated was inactivated completely. In a control experiment with culture fluid containing 2 × Io ° focus forming units (f.f.u.) of sR-RSV, this virus, which belongs to the group of avian leukosis viruses latently present in chicken embryos, was also fully inactivated. Inactivation of Sendai virus by u.v. irradiation was performed as described previously (Machala, I97o) .
In some experiments, a RIF-free Sendai virus provided by Dr I. Hlo~gmek was used. It was prepared by three passages of the standard Sendai virus on eggs of genotype C/ABC, using the end-point dilution technique. The virus obtained was tested in the interference test with ~RYAN strain (Bs)-RSV, and in the COFAL test. Both tests were negative. The virus was inactivated with p-propiolactone before use.
Cell fusion. For cell fusion the methods of Okada (I962) or Harris & Watkins (I965) were partially modified. Mixtures of 5 x io ~ virogenic cells and 5 x io ° chicken cells, or Io 7 virogenic cells and 2 × Io 7 chicken erythrocytes, were centrifuged for Io rain. at Iooo g. The supernatant fluid was removed with a pipette Iooo haemagglutinating units (HAU) of Sendai virus inactivated with fl-propiolactone suspended in o'25 ml. of Hanks's solution were added to the deposit of cells, and the mixture was slowly agitated with a pipette. Then the mixture of cells and Sendai virus was allowed to stand for 45 to 60 min. at 4 °. The cooled suspension was again slowly stirred with a pipette, placed in 3"5 cm. Petri dishes, and incubated for 25 to 3o min. in a 5 % CO2 atmosphere at 38 ° and 90 to 95 % relative humidity. Afterwards the medium was added, and the mixed suspension of cells was further incubated for 20 hr under the same conditions. Control experiments were performed in the same way, with only the treatment with inactivated Sendai virus being omitted.
Preparation for immunofluorescence, autoradiography and virus-production tests of mixed cell suspensions treated with Sendai virus
Cultures of RSCh and BLEF cells treated with Sendai virus were trypsinized, and 250,000 cells in I ml. medium were transferred to slides placed in Io cm. Petri dishes. Afterwards, m ml. medium were added, and the dishes were incubated for 7 days in a COs atmosphere. Cultures of RSCh cells with chicken erythrocytes were incubated under the same conditions for r2 to 22 days. Individual slides with growing cells were removed successively and processed for immunofluorescence, autoradiography etc. The medium from the same cultures was used for measuring RSV formation. Expression of RSV genome in heterokaryons 22 I Individual mono-and polykaryotic cells were isolated at random from mixed cultures of virogenic and chicken cells on the 3rd day after treatment with inactivated Sendai virus. Individual cells were transferred with a microcapillary from the highly diluted cell suspension to drops of medium (3 to 5 ram.) made on fragments of the slide. After about 3 to 4 min., the isolated cells were sufficiently attached to the slide and could be transferred to a monolayer of BLEF cells without being in direct contact with them. During cultivation the number of nuclei was determined in individual cells.
Defined heterokaryons were prepared from diluted suspensions of RSCh cells and suspensions of BLEF cells treated with inactivated Sendai virus (8oo to Iooo HAU in a volume ofo-2o to 0-26 ml.). Individual cells were then transferred with a microcapillary to 2 to 3 ram. drops of medium, which were made on fragments of the slides under a I cm. layer of paraffin oil. Paraffin oil was first shaken with ao °/o medium, then allowed to stand at 37 °, aspirated, and used for the experiment. Cells were apposed with a microcapillary, and, if agglutination occurred, were examined at intervals until the moment of visible fusion. Several complete fusions were observed 6 rain. to 24 hr after agglutination. The transfer of defined heterokaryons placed on fragments of the slides to a monolayer of BLEF and subsequent incubation were performed as described above.
Cell-free culture media from experimental cultures centrifuged for 3o rain. at 25oo g were incubated in amounts of o-2 ml. on the chorioallantoic membranes (CAM) of 9-to 1 ~-day chicken embryos. Specific lesions were assayed on the 8th to 9th day of subsequent incubation (Temin & Rubin, ~958) , and the titre of the virus was determined in pock-forming units (p.f.u.).
Immunofluoreseence method. Chicken anti sera against sR-RSV were prepared by the method of Fink & Rauscher (i 96 l). Sera, neutralizing at least I o 2 p.f.u. RSV, were absorbed with ~ ml. chicken tissue homogenate and I ml. RSCh cell homogenate/ml, serum for ~ hr at 37 °. They were allowed to stand overnight at 4 ° and the next day were centrifuged for Io min. at 3ooo g; the supernatant fluid was removed and absorbed with 5o mg. activated charcoal/ml, serum for I hr at 37 °.
Immunofluorescence test. Slides with seeded cells were removed Io, a4, 48, 72 and 96 hr after incubation. The slides were washed three times with PBS, fixed in acetone for 7 rain. at -6o °, dried in air and kept at 4 °. The preparations were covered with virus-neutralizing serum, and incubated for I to ~½ hr at 37 °. After incubation they were washed twice with phosphate buffer saline for ~5 min., covered with fluorescein-labelled rabbit anti-chicken antiglobulin (Rach/FITC Sevac) and incubated for 3o min. at 37 °. This incubation was followed by two washings with PBS for 15 min. and mounting in glycerol at neutral pH. The preparations were inspected with a Leitz fluorescence microscope (HBO 2oo lamp), and the localization of positive cells was recorded if necessary. The filter system consisted of BG ~a or UG ~ exciter filter and K 53o or K 43o barrier filter. Exposure time for Fomapan 3 °° DIN panchromatic negative film (8oo ASA) was I min. using blue illumination.
Autoradiography. RSCh cells were cultured in the presence of I #c [3H]thymidine (specific activity 26"58 e/m-mole)/ml, medium. The next day the medium was replaced by a fresh one of the same concentration of [3H]thymidine. On the third day, the cells were used for fusion with BLEF cells or chicken erythrocytes and seeded. The slides with growing cells were collected at different times, rinsed with PBS, fixed in methanol for 5 rain., covered with Ilford Nuclear Research emulsion in gel form (type K5), and exposed for Io days at 4 °. After exposure they were developed and stained with May-Grfinwald-Giemsa. In the same manner, autoradiographs from preparations first examined by the immunofluorescence method were made.
Karyological method. The mixed cultures were processed for karyological examination by the method of Rothfels & Siminovitch (1958) .
RESULTS

Determination of the frequency of heterokaryons and homokaryons in a mixed population of RSCh and BLEF cells after incubation with inactivated Sendai virus
The proportion and characteristics of heterokaryons and homokaryons on the Ist and 2nd day after cell fusion were studied (Fig. 1, Table 1 ). There was a high incidence of RSCh homokaryons compared to BLEF homokaryons. The incidence of heterokaryons was roughly intermediate between the incidence of homokaryons of both parent-strain cells. Furthermore, the more nuclei were present in a polykaryon, the higher the probability that it was a heterokaryon (Fig. I) . About half of the multinucleated cells which had five or more nuclei were heterokaryons. Morphologically, the heterokaryons, notably those containing two or three nuclei, had the appearance of fibroblast-like cells, heterokaryons with more nuclei were polymorphous cells, the nuclei of both parent-strain cells being in close contact in most of the heterokaryons. On the 3rd and 4th day, isolated heterosynkaryons were found which obviously arose as a result of nuclear fusion. Among 3245 metaphases from cultures karyologically examined during 4 days after fusion, not a single hybrid cell metaphase was found. In particular, the marked decrease in the incidence of BLEF metaphases suggested that RSCh cells rapidly predominated in the population.
Determination of the frequency of heterokaryons in the cell population not treated with inactivated Sendai virus
The frequency of spontaneously formed heterokaryons was determined by evaluating the autoradiographs of [3H]thymidine-labelled RSCh cells and BLEF after a 4-day co-cultivation. Among 68,ooo ceils, 8 heterokaryons were found (seven contained two nuclei, and one three nuclei); thus the frequency of heterokaryons was IO -~.
Combination of immunofluorescence and autoradiography for the detection of RSV coat antigen in heterokaryons
Mixed cultures of RSCh and BLEF cells examined for the presence of RSV coat antigen in the immunofluorescence test lO, 24 and 48 hr after exposure to Sendai virus were consistently found to be immunofluorescent-negative. RSV coat antigen in the form of immunofluorescent positive cytoplasmic granulations, and larger or smaller aggregates in the cytoplasm, was repeatedly detected, first at 72 hr after Sendal virus treatment. At that time about ] o % of cells of the total cell population showed specific fluorescence; i o to 25 % of the cells with two or three nuclei, and 3o to 50 % of the cells with four and more nuclei were positive. Immunofluorescent-positive and-negative cells from experiments in which the nuclei of RSCh cells were labelled with [3H]thymidine before hybridization with BLEF were recorded, and the results of both immunofluorescence and autoradiographic examination of the same cell were compared. Heterokaryons could thus be distinguished from cells of both parent-strain lines and their homokaryons ( Fig. 2a, b, 3 , 4)-The heterokaryon was permissive for RSV and capable of synthesizing virus coat antigen (Table 2) . This antigen was detected only in a small fraction of BLEF cells and as late as 4 days after treatment of mixed cultures with Sendal virus, i.e. 24 hr later than in heterokaryons. Chicken cells were thus infected secondarily with virus released from the heterokaryons. Immunofluorescence was never observed in RSCh cells. Of the ~o9 immunofluorescent-negative cells selected at random on the 3rd and 4th day after hybridization, 44 were determined as RSCh, 65 as BLEF, and not a single one as a heterokaryon. Control cultures of BLEF treated with inactivated Sendai virus were repeatedly found to be immunofluorescent-negative. 
Production of RSV by isolated heterokaryons
The third day after treatment of a suspension of virogenic and chicken cells with Sendal virus, individual polykaryotic cells were isolated, placed on slides, and transferred to a layer of chicken cells. Under these conditions, the transferred cells were not in direct contact with chicken fibroblasts, but the latter could be easily infected with rescued RSV. Approxi- mately one-third of the polykaryotic cells with four or more nuclei yielded RSV (Table 3) , corresponding to the proportion of heterokaryons in the population of multinucleated cells (Fig. I) . Mononucleated cells, unlike polykaryotic ceils, divided further, and were morphologically distinguishable either as fibroblasts or virogenic hamster ceils, and were processed in the same way. None formed RSV. Because it is impossible to determine precisely which of the polykaryotic cells is a heterokaryon in cell cultures, attempts were made to obtain the formation of heterokaryons under controlled conditions and to test the release of RSV using the same technique. Some attempts were successful, and production of RSV was obtained (Table 4 )-More virus was obtained when either a multinucleated virogenic cell or several mononucleated virogenic cells were fused with the BLEF cell. No production of RSV was observed when RSCh and BLEF cells were in long-term close contact (3 to 5 days), and even in one case when the two cells were connected by a discernible cytoplasmic bridge for 24 hr.
Attempts to obtain R S V rescue from mixed cultures of RSCh and chicken erythrocytes treated with Sendai virus
Cell-free media from a total of nine different experiments in which mixtures of virogenic RSCh cells and chicken erythrocytes were treated with inactivated Sendai virus, were tested for the presence of RSV in the CAM test. The tests were negative, both when cell-free culture fluid from the i2th and 22nd day of cultivation was used, and when the same fluid was first transferred to a monolayer of BLEF and the culture fluid from these blind passages tested on the CAM after another 7 days. Repeated immunofluorescence tests for the presence of RSV coat antigens made 4, 6 and ~o days after hybridization were aIso negative. The presence of heterokaryons in the cell population was verified by autoradiography. Some of the erythrocyte nuclei in the heterokaryons showed formation of nucleoli on the fourth day, and the majority contained nucleoli on the sixth day after hybridization. * Cell types tested were transferred on the slide to the monolayer of BLEF cells. RSV production was measured in the culture fluid of these monolayers, "~ RIF-free Sendai virus used.
Table 3-Production of RSV in polykaryotic and monokaryotic cells isolated from a mixed suspension of RSCh and BLEF cells 24 hr after treatment with Sendai virus inactivated by fl-propiolactone, and counted on day 7 after subsequent incubation
DISCUSSION
Both the immunofluorescence technique combined with autoradiography, and the study of virus production by isolated heterokaryons consistently showed that heterokaryons formed by cell fusion of virogenic Chinese hamster cells containing the genome of RSV and chicken fibroblast allow RSV maturation.
The immunofluorescence technique allowed screening of large numbers of cells and gave additional confirmation that all ceils containing RSV coat antigen were heterokaryons. Formation of coat antigen itself, however, is not evidence of production of infectious RSV, although this antigen is absent in the virogenic cells. Direct evidence of RSV production was, however, provided in experiments in which isolated heterokaryons were cultured in the vicinity of chicken fibroblasts which were all infected with RSV rescued from heterokaryons.
It can be inferred from the results obtained that each heterokaryon is a permissive cell capable of virus production. This finding is virtually the same as the previous quantitative data on RSV rescue from mixed cultures of virogenic and indicator cells treated with Sendal virus. Svoboda & Dourmashkin (1969) found that 6oo virogenic RSCh cells in a mixture with chicken cells were necessary to obtain one focus of RSV-transformed chicken cells, having the ratio of RSCh to BLEF cells which makes quantitative estimation of RSV rescue possible. In the above experiments, roughly I ~o of RSCh cells formed heterokaryons, i.e. one of the six heterokaryons could be a virus yielder. The method used for detection of virus production was probably less sensitive, because it was based on direct RSV focus assay after seeding cell mixtures treated with Sendai virus. This might have been the cause of a somewhat higher incidence of heterokaryons than of virus-yielding centres. In addition, heterokaryons arising by fusion of more than one virogenic cell were not specifically scored.
In the present experiments, as in those by Svoboda & Dourmashkin (I969) , spontaneous formation of heterokaryons was found in mixed cultures of RSCh and BLEF cells, which is the most likely cause of RSV rescue under these conditions.
In contrast to virogenic mammalian cells transformed by RSV, SV4o-transformed virogenic cells, when fused with indicator celIs, give rise to virus-producing heterokaryons only in about I ~o of the cases (Koprowski, Jensen & Steplewski, I967; Watkins & Dulbecco, t967 ). These differences may reflect the differences in the state of genomes of both viruses in the virogenic cell. With S¥4o-transformed virogenic cells, the virus genome may be inducible by fusion with an indicator cell in some cases only; perhaps when it is not firmly integrated into the host's genome. This is consistent with the findings that bromodeoxyuridine treatment of virogenic cells increases the frequency of virus rescue (Dubbs et al. I967), most likely as a result of gene unstabilization, leading to excision of the virus genome from the integrated state.
On the other hand, the fact that the fusion of virogenic RSV-transformed mammalian cells with indicator cells always results in virus production seems to support the assumption that in these virogenic cells the RSV genome is available in a non-integrated state, which may successfully code for synthesis of RSV particles in the environment of a heterokaryon. However, some copies of RSV genome may be integrated with cellular components.
In the mixed cultures treated with Sendai virus only the heterokaryons produced virus coat antigen. Virogenic and indicator cells, which were not fused but only temporarily agglutinated by Sendai virus did not produce RSV. The se data therefore do not support the possibility that in our experimental conditions in vitro the contact alone between the virogenic and indicator cell, or the formation of intercellular cytoplasmic bridges is sufficient for RSV rescue.
The mechanism of RSV rescue from heterokaryons is not yet clear. The chicken cell component of a heterokaryon might complement certain functions of the mammalian cell which are necessary for sR-RSV formation, and/or it might cause derepression of the same functions of the mammalian cell.
Not all types of chicken cell seem to produce RSV after fusion with the virogenic cell. When chicken erythrocytes were used in place of fibroblasts, the heterokaryons obtained did not form virus coat antigen detectable by immunofluorescence, and did not yield infectious RSV. The same holds for heterokaryons where nucleoli were formed in chicken erythrocyte nuclei. Harris et al. (I969) were the first to reveal the activation in such nuclei of the synthesis of messenger and ribosomal RNA, the transfer of this RNA to the cytoplasm and the synthesis of hen specific surface antigens.
According to R. M. Dougherty & H. S. Di Stefano (personal communication) , no budding of avian leukosis virus particles was observed in chicken erythrocytes from infected birds, although evidence of virus multiplication was found in most of the chicken tissues (Dougherty & Di Stefano, 1967) . Thus, the chicken erythrocyte, despite the activation of some of its functions in a heterokaryon, remains a non-permissive cell for RSV, and after fusion with a virogenic cell is not capable of triggering RSV rescue. This indicates that RSV rescue requires a heterokaryon endowed not only with species-specific chicken cell components, but also with certain cell functions which can be supplied only by chicken cells which have attained the proper degree of differentiation.
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